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"INTRODUCTION

. Until recently, requirements for information on the temperature of the surface
of the earth have come aimosi exclusively from meteorclogist dnd other researchers
studing problems of agriculture and from biologists whose interests were primarily
those involving studies of the relationship of environmental conditions to organisms.
- For these studies no important degree of accuracy is required (Wang, '1963). Within

the past few years, however, a need has emersged for accurate measurements of

earth '"skin'" temperatures for use in studies oi atmospheric erergy balance and in

studies of the physics of radiation transfer. Insufficient knowledge of the true sur-

face temperafufé and-of the emitting, transmitting and reflecting properties of earth

surface has also hmxted the accuracy ‘of evaluauon of satellite radiation measure- .
_ments.

The .problem of measurement of the temperature of the earth surface is one of
the most difficult and controversial of all micrometeorological observations. Any
sensor placed on the surface of the soil-has a different heat conduction, heat capacity
and moisture content from that of the so0il on which it rests and also shields the soil
being, measured. Vegetation on the soil has a further effect of producing wide varia-
-tions in temperature within extremély small horizontal and vertical distances. Ideally,
a perfect sensor would be one which is infinitely thin, with the same physical and

thermal properties as the soil or vegetation, and which could be placed over a broad
" area of the surface in a manner ‘which would insure 3 good thermal contact at all
locations.

METHODS OF MEASUREMENTS

Nearly all measurements made to date of the earth surface temperature can be
se,:arated according. to techniques used in measurements. Either the temperature on
the surface was measured where the instrument was exposed to the combined influences
of radiation, air temperaturés and soil temperatures or the sensor was buried in the
soil to some depth ranging from 1 mm to 4 inches (Penman, 1943; Cook, 1955; “Shaw,
1955; Carter, 1923; Hlide, 1942; Jacobs, 1940; Smith, 1939). A third technique was
used in which the gradient of temperature in the ground or in the air close to the
surfuce was observed and then extrapolated tg the temperature of the surface
itself! (Nyberg, 1938).
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Recently measuremenis of surface temperawures have been made using

" remote sensing radiometers. 1,73 While this method has the advantage of
not being affected by the heat Conduouuty and capacity problems mentioned earlier
‘in this paper, it is linited by the lack of kncwledge the true emissivity ¢. the sur- -
face and by absorption of the radiation in the atmosphere beiween the target and -
the sensor. While the effect of the emissivity can be czlculated (Fig. 1) the true

- emissivity of complex surfaces such as vegetation ‘and sonils with their many var- -
iations in color, texture, temperature and :nmsture c nt«.n‘ is almc@t never i
known. The effect of a 10% error in emissivity may le~d t0’an error of as much as
(?';-IOC in the range of temperature within the limits of most earth surface (-50C to
+80C) conditions. Iraccuracies resulting from abhsorption by the aumosphere
between the surface being measured and the sensor can in general be overco.ne
by optimum choice .of wavekband and by making the path length between target
and sensor as short as-physically practical. .

: ! Davis, Paul A., 1964: S5atellite radiation measurements and atmosphéric
heat balance. . SRI, Final Report, Contract NAS 5-2%19, 85 pp. -

2 Marlatt, W. E., 1964: Investigatioas of the temperature and spectral
emissivity characteristics of cloud {ops and of the earth's surface. Colorado State
University, Dept. of Atmos. Sci., Technical Paper #51, Contr. NASr-i147, 60 pp.

3 -k ’ .
Weiss, M., 1963: Earth and sea surface temperatures measurement using
infrared. Proc. Second Symposium on Remote Sensing of Environment, Ann Arbor,
Michigan, 343-358.
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PAWNEE NATIONAL GRASSLAND FIELD STUDY

During the past two years a field program has heen underway to measure
the "true surface temperature'’ of the earth for comparison with measurements
from channel 2, (8-13 micron waveband) radiation from TIROS VII. Measurements
were made in the Pawnee National Grassland of Northern Colorado, which is a
region of low rolling hills and flat plateau covered with a short bunch grass. . This
paper wiil compare the use of the thermistors and infrared radiometers for surface

temperatures measurements of a sod covered soil.

The presence of grass or other vegetation requires that a large number of
observations be made in order to mask the differences in temperature across small
Fig. 2 shows the gradient of temperatures in and arsund a

clump of buffale grass at different times of the day. Horizontal gradients of as much
as 7. 8C per inch were noted in Fig. 2 during periods of low sun angles in winter At .
other times oi the year even larger horizontal gradients were observed. In the field
study, 40 thermistors were placed randomly over the surface -~ inside the clumps of
buffalo grass. on the bare soil between the grass clumps, et:. The size of the

thermistors used in relation to the size of a common pin is shown in Fig. 3. The

. thermistors were not shielded from solar insulation rather each thermistor was
sprayed with a fldt paint the same color as the soil surface {light gray) and coated

horizontal distances.

with one-layer of dust while the paint was still wet.
stalled flush with the soil surface.

to each -measurement.

1/4/65 1600 HOUR
GRASS CLUMP TEMPERATURE
PAWNEE NATIONAL GRASSLANDS

1 SUN BELOW
HORIZON TOP

EAST -7.8°

.

174765 2200 HOUR
GRASS CLUMP TEMPERATURE
PAWNEE NATIONAL GRASSLANOS

The.head thermistors were 1n-

Positioning of the sensors was checked prior
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. Fig. 2 Surface temperatures in and
’ around a small clump of buf-
falo grass at different times
of day and night, January 4-5,
1965, L
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/5768 1200 HOUR
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PAWNEE NAT! ‘NAL GRASSLANDS




Fig.3 Relative size of thermistors
used in surface temperature
measurements as compared
to size of common pin.

Measurements were made at approximately two-hour intervals for a period
of twenty-four hours on days with clear skies. Six sets of measurements were made
between February and November, 1964. Recorﬁing the surface temperature meas-
urements from the network of thermistor sensors required approximately five minutes.
Two’sels of mneasurements were averaged for each observation. Simultaneous meas-
urements of black body temperature of the surface at each thermistor location were
made uging a 3° view, 8-13 micron waveband radiometer (Barsies Engineering Co.,
Model IT-2} which was held by hana approximately 12 inches above the earth surface.

Changes in earth surface temperatures within the recording period arc always
much smaller than the differences between measurement points. Table 1 shows a
sample of average surface temperatures with their standard deviations for different
times of day and night. This table also allows a comparison of average temperatures
measured by the thermis:or units to average black body temperatures measured by the
radiometer. -

Figs. 4 through 9 skow the individual comparison of thermistor to black body
surface temperatures of the grassland at different times of day and night for different

times of the year. Average differences between methods are summarized by hours in -

Fig. 10. It may be seen from these figures that while the temperatures measured by
the radiometer {not corrected for emissivity) are slightly below those measured by
thermacrors at midday, they tend in most cases to be slightly higher than the thermis-
tor measured temperatures during the nighttime '.ours. It is believed that the reason
for the thermistors measuring nighttime temperatures lower than those measured by
the radiometer may be the result of lack of good thermal contact with the soil surface.
Under clear, calm weather conditions the temperature of the first millimeter of air

- . above the soil surface may be several degrces lower during the late night and early

5
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TABLE 1. Thermistor and Black Body Temperatures. Pawnee National
Grassland, February 10 and 11, 1964.

Thermistor Radjation
Date MST Surface Standard Black Body Standard
- Time  Temp. °C  Deviation® C Temp. °C  Deviation °C
2/10/64 1100 17.2 3.5 17.0 3.2
1300 23. 4 3.2 ~21. 4 3.2
1500 18.6 3.8 17.1 3.4
1935 -4.6 1.5 -2.6 1.6
2130 -3.9 1.1 -3.2 1.3
2330 C-7.5 1.3 -5.8 0.9
2/11/64 0130 -7.1 1.0 -5.3 2.5 :
0330 -7.5 0.8 -5.1 0.6 ’
0540 -4.4 0.7 T -3.8 1.0
0735 -2.4 1.0 -3.2 0.7
0945 8.4 i.7 7.2 1.7
1150 12.0 1.3 11.9 0.8
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Fig.- 4 Comparison of thermistor a.d $-13 Fig. 5 Comparison of thermistor and 8-13
micron radiometer measurements of micron radiometer measurements of
earth surface temperature. Pawnee - earth surface temperature. Pawnee
National Grassland, February, 1964. Mational Grassland, June, 1964. Each
p Each point is average of 40 observa~- 3 point is average of 40 observations.
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Fig. 6 Comparison of thermistor and
8-13 micron radiometer meas-

urements of earth surface temp-~

erature. Pawnee National
Grassland, July, 1964. Each
point 1s average of 40 cbserva-

tions.
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Fig. 7 Comparison of thermistor and 8-13
micron radiometer measurements
of earth surface temperature. Pawnee
National Grassland, August, 1964.
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'SCIL TEMPERATURE .MINUS A(R’ TEMPERATURE
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morning hou:s than that of the soil suriice itseif; therefore, if the s~usor do2s not
" stay firmily pressed against the soil surtice, its response may L2 more @ that of ‘he
temperature of the air than to the snil terperatuse. -

Air 1empev':n:ures at Weather Bureav stations nave veen used as estimates of
rhe earih surf-ce temperaiure (Friiz and Wiaswon, 1962: Wark, Yamamoto, and
Lienesch, 1962). From Fig. !i if may bec »eoen that the aighttime surianrc
temperature as measured hy thermistors generaiiy fall within * 3C of air temnp-r-
aturas measured at cheller heignt. Davitime diferences. howe qev, are often as

.large as'15-20C. If, as discussed above. 1! 1$ agreed.thal nightiinie iemperatures
of the earth surface measured by radiometers are as accutate as those measure

by thérmisiors, then the differences between cquisilent black body suriace temper-
atures and shelter height air temperature zre slignt’y increased (Fiz. 12).
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" Fig.-11 Comparison of =arth surface temp-~
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_ Fig. 12 Comparison of earth surface temp-
. erature (measured by thermistors), - ) . ature (measured by radiometer)
- - and air:temg :rature at 6 ft. v - «nd air ternperature at § ft.

Lt In a_dd_itioh to the temperature measurements recorded by ihe thermistor
installed flush witnh the earth surface and with the radiometer held approximately
12 inches ubove the thermistors, surface temperatures were also obtained from a
radiometer mounted on the underside of a small airplane and flown over the ground
site:at 160 foot and 1000 foot altitude. The view angl~ of the airborne radiometer
.is 30°, thus a‘ 100G feet, the surfacc area viewed i5 a circle of approximately 35
foot diameter. Table 2 gives a compariscn of the temperature measured by the
three-instruments.’ ' E .

A certain amount.of attecuation is 10 be expected as radiation passes through
the atmosphere between the target and the sensor due to absorption by carbon dioxide

.and water vapor. Little or no offect of the atrnospheric path length was evidenced

;

- - . e



i TABLE 2. Comparison of Surface and Aix:bornc Sensors.
January 4-5, 1965

8-13n 100" . 5-13x, 1000 - -

e St e e AT e At g e et Al
‘ . °C re °C “C e ‘C "C ‘¢ e ‘C
B : 1300 13.8 “15.0 .12 13.5 0.3 2.0 ik 118 13,0 10.0

1600 -1 1.2 -0.1 -0 0.1 -La 0.4 - 5.0 :L0 W

| 1900 -1.2 -5.8 1.4 S, - T 5 U S -

2200 -7.0 1.2 -0.8 -4.3 -2.5 , -5.5 41,5 -s.4 2.1 8.6

0300 -4.5 -6.7 2.2 . em L een ——-- N T ae--
! 0200 -5.5 5.7 -0.1 -6.0 0.4 5.0 . -0.6 -4.2 02 10.9
; 1 0400 -6.6 7.2 06 5.5 -1 ~5.5 -1 <61 -2.0 10.4
0600 -6.3 -8.0 7 -1.9 1.4 6.8 9.5 -5.i  -3.0 1S
: 0800 -6.5 -1.6 1.1 -4.6 -1.9 -4.0 -2.5 -5.6 1.5 11.0
1000 1.4 1.6 -0.2 3.0 -1.6 1.0 0.4 -0.8 6.0 115
. 1200 8.9. 11.6 2.7 10.0 -1 8.5 0.4 4.8 7.5 11.3
- Average -0.08 " .0.09 -0.03 <

. ’ Absolute Average o 1.2 10 N

M a -
: for the flights summanzed i Table 2. When e patn length was increased sigm.h- ' S
: cantly, however, 4Figs. 13 aid 14) the effect of atmogpheric attenuation, particularly :

; attentuation due te atmospheric haze was fr equentl.y observed. .Average path length
H i - beiween the surface and the airborne radiometer for the flights summarized in figures
13 and 14 was 12, 000 feet.
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To obtain the-greatest accuracy of surface temperature only the radiation
from the "clearest” portion of the atmospheric windows should be used. In addition,
the emissivity of the surface in the region must be known. Fig. 15 shows the
-emissivity of the surface soil from the Pawnee National Grassland. From this
figure, it is seen that, in the §-13 rucron region, the emissivit; averages 0. 36.
Since this value is for the soil alone, the presence of grass and other organic -
matter would increase the average emissivity of the earth surface in this region
to perhape approximately 0. 98. o g

*  DISCUSSION

instrumentation for measuring the ovtgding radiation in the 8~i3 micron
"“window region was included on TIROS II, III, V, and VII, for obtaining worldwide
m« asurements of earth surface temperatures. ~Ozone absorption, however, -which -~
occurs between 2 and 10 microns and the wings of water vapor and carbon dioxide
bands which extend into the 8-13 mirron window region plus'atmospheric haze in
the lowest iroposphere have resulted in the window being “dirty"’. This "dirtiness"
has been a discouraging factor in thc usefulness of the TIROS radiation observations
(Wark, et al., op.cit.). To avoid the at: <pheric attenuation problem, the ¢i annel
2 radiometer aboard NIMBUS i was filte. ! to-measure radiation in the 3.8 - 4.2
micror atmospheric window. While the attenuation of outgoing radiation in this~
window is quite low, i.e. the window i5 "clean", a limited number of observations
indicate that the emissivity of at least certain mineral soils is much lower in the
4 micron region of the spectrum than in the 8-13 micron region (Fig. 15}. [t is
most important, therefore, that radiation r.easurements in this waveband be
corrected for surface emissivity if they are to be used to estimate effective earth

surfice temperatures. - . )

To minimize the atmospheric influence and yet stay in the region of low soil
emissivities, one of the airbo~ne IT-2 radiometers was fitted with a 10-11 micron
filter. Measurements using this system have been, however, less accurate than from
the 8-13 micron unit. The reason for this loss of accuracy has not been established
at the time this paper was written, E
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CONCLUSIONS

Results from this study indicate that the surface temperature of a grass
_covered carth can be measured as accurately with infrared radiometers as with
miniature thermistors placed on the surface. By proper choice of waveband filter
to minimize both atmospheric a‘tenuation and emissivity variations, it has-beéen
shown thut it should be possikie to conduct very accursie sateliiic ar« aerial
rmapping of earth.surface temperatures.
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